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(54) SPIN TUNNEL TYPE MAGNETORESISTANCE EFFECT HEAD AND MAGNETIC RECORDING AND 
REPRODUCING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a spin tunnel type 
magnetoresistance effect head which can output higher output than that 
of conventional structure by applying a bcc ferromagnetic film having high 
spin polarizability to a free layer and a fixed layer. 
SOLUTION: Both ferromagnetic films adjacent to a barrier layer 400 are 
composed of the bcc ferromagnetic films (the free layer 100, the fixed 
layer 200). Soft magnetic characteristics of the free layer are secured by 
disposing a fee ferromagnetic film 101 on the lower side of the bcc 
ferromagnetic film 100. Impartation of an exchange coupled magnetic field 
to the bcc ferromagnetic film (fixed layer) 200 is performed by a CrMnPt 
anti-ferromagnetic film 300. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Tunnel barrier layer. The antiferromagnetism film which exerts a switched connection magnetic field on the 
free layer which it is arranged at one aforementioned tunnel barrier layer side, and the magnetization direction becomes 
from the ferromagnetic which changes freely according to an external magnetic field, the fixed bed which consists of a 
ferromagnetic to which it has been arranged at the another side side of the aforementioned tunnel barrier layer, and the 
magnetization direction was fixed, and the aforementioned fixed bed. It is the spin tunnel type magnetoresi stance- 
effect head equipped with the above, and the aforementioned fixed bed is a bcc ferromagnetic and it is characterized by 
the aforementioned antiferromagnetism film being a CrMn system antiferromagnetism film which has an irregular 
phase. 

[Claim 2] Tunnel barrier layer. The antiferromagnetism film which exerts a switched connection magnetic field on the 
free layer which it is arranged at one aforementioned tunnel barrier layer side, and the magnetization direction becomes 
from the ferromagnetic which changes freely according to an external magnetic field, the fixed bed which consists of a 
ferromagnetic to which it has been arranged at the another side side of the aforementioned tunnel barrier layer, and the 
magnetization direction was fixed, and the aforementioned fixed bed. It is the spin tunnel type magnetoresistance- 
effect head equipped with the above, and the aforementioned fixed bed has the laminated structure of the bcc 
ferromagnetic arranged at the aforementioned tunnel barrier layer side, and the fee ferromagnetic arranged at the side 
far from the aforementioned tunnel barrier layer, and the aforementioned antiferromagnetism film is characterized by 
being the antiferromagnetism film which has the face-centered tetragon structure of a rule phase. 
[Claim 3] Tunnel barrier layer. The antiferromagnetism film which exerts a switched connection magnetic field on the 
free layer which it is arranged at one aforementioned tunnel barrier layer side, and the magnetization direction becomes 
from the ferromagnetic which changes freely according to an external magnetic field, the fixed bed which consists of a 
ferromagnetic to which it has been arranged at the another side side of the aforementioned tunnel barrier layer, and the 
magnetization direction was fixed, and the aforementioned fixed bed. It is the spin tunnel type magnetoresistance- 
effect head equipped with the above, and the aforementioned free layer is characterized by having the laminated 
structure of the bcc ferromagnetic arranged at the aforementioned tunnel barrier layer side, and the fee ferromagnetic 
arranged at the side far from the aforementioned tunnel barrier layer. 

[Claim 4] Tunnel barrier layer. The antiferromagnetism film which exerts a switched connection magnetic field on the 
free layer which it is arranged at one aforementioned tunnel barrier layer side, and the magnetization direction becomes 
from the ferromagnetic which changes freely according to an external magnetic field, the fixed bed which consists of a 
ferromagnetic to which it has been arranged at the another side side of the aforementioned tunnel barrier layer, and the 
magnetization direction was fixed, and the aforementioned fixed bed. It is the spin tunnel type magnetoresi stance- 
effect head equipped with the above, and is characterized by being the CrMn system antiferromagnetism film with 
which the aforementioned free layer has the laminated structure of the bcc ferromagnetic arranged at the 
aforementioned tunnel barrier layer side, and the fee ferromagnetic arranged at the side far from the aforementioned 
tunnel barrier layer, the aforementioned fixed bed is a bcc ferromagnetic, and the aforementioned antiferromagnetism 
film has an irregular phase. 

[Claim 5] Tunnel barrier layer. The antiferromagnetism film which exerts a switched connection magnetic field on the 
free layer which it is arranged at one aforementioned tunnel barrier layer side, and the magnetization direction becomes 
from the ferromagnetic which changes freely according to an external magnetic field, the fixed bed which consists of a 
ferromagnetic to which it has been arranged at the another side side of the aforementioned tunnel barrier layer, and the 
magnetization direction was fixed, and the aforementioned fixed bed. Are the spin tunnel type magnetoresi stance- 
effect head equipped with the above, and the aforementioned free layer has the laminated structure of the bcc 
ferromagnetic arranged at the aforementioned tunnel barrier layer side, and the fee ferromagnetic arranged at the side 
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far from the aforementioned tunnel barrier layer. The aforementioned fixed bed has the laminated structure of the bcc 
ferromagnetic arranged at the aforementioned tunnel barrier layer side, and the fee ferromagnetic arranged at the side 
far from the aforementioned tunnel barrier layer, and the aforementioned antiferromagnetism film is characterized by 
being the antiferromagnetism film which has the face-centered tetragon structure of a rule phase. 
[Claim 6] The magnetic recorder and reproducing device containing the magnetic-recording medium characterized by 
providing the following, the magnetic head which performs writing or read-out of information to the aforementioned 
magnetic-recording medium, and the magnetic-head driving means which move the aforementioned magnetic head to 
the position on the aforementioned magnetic-recording medium. The aforementioned magnetic head is a tunnel barrier 
layer. The free layer which consists of a ferromagnetic from which it has the laminated structure of the bcc 
ferromagnetic which has been arranged at one aforementioned tunnel barrier layer side, and has been arranged at the 
aforementioned tunnel barrier layer side, and the fee ferromagnetic arranged at the side far from the aforementioned 
tunnel barrier layer, and the magnetization direction changes freely according to an external magnetic field. The fixed 
bed which consists of a bcc ferromagnetic to which it has been arranged at the another side side of the aforementioned 
tunnel barrier layer, and the magnetization direction was fixed. The CrMn system antiferromagnetism film which has 
the irregular phase which exerts a switched connection magnetic field on the aforementioned fixed bed. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] A spin tunnel type magnetoresistance-effect head and this spin tunnel 
type magnetoresistance-effect head are used for this invention, and it relates to the magnetic recorder and reproducing 
device which write information. 
[0002] 

[Description of the Prior Art] A spin tunnel type magnetoresistance-effect head contains the laminated structure tormed 
on the suitable matter containing the ferromagnetic (1) separated by the barrier layer (insulation) and a ferromagnetic 
(2). The laminated structures of a typical spin tunnel type magnetoresistance-effect head are ferromagnetic (1) / barrier 
layer / ferromagnetic (2) / antiferromagnetism film. Here, the best layer is an antiferromagnetism film, the lowest layer 
is a ferromagnetic (1), and the following cascade screens are also written in this way. One of the ferromagnetics and 
the magnetization direction of a ferromagnetic (2) are external impression magnetic field zero, and are being fixed to 
the magnetization direction and perpendicular of a ferromagnetic (1). Fixation of the magnetization direction of this 
ferromagnetic (2) makes an antiferromagnetism film adjoin, and is made by giving the 1 direction anisotropy energy to 
a ferromagnetic (2) by the switched connection of an antiferromagnetism film and a ferromagnetic (2). therefore, a 
ferromagnetic (2) calls it the fixed bed - having - **** - this specification - also setting - the fixed bed -- 
expression will be used The fixed direction of typical magnetization of the fixed bed is a direction perpendicular to a 
surfacing side. On the other hand, since it can rotate freely by the external magnetic field, the magnetization direction 
of a ferromagnetic (1) is called free layer. With a spin tunnel type magnetoresistance-effect head, change arises at the 
angle which the magnetization direction of a free layer rotates freely according to this magnetic field by making into an 
impression magnetic field the magnetic field generated from a magnetic medium, consequently the magnetization 
direction of the fixed bed and the magnetization direction of a free layer make. A spin tunnel type magnetoresistance- 
effect head is a magnetic-reluctance transducer which changes the magnetic signal from a magnetic medium into an 
electric signal using electric resistance changing according to change of the angle which the magnetization direction of 
these fixed beds and a free layer makes. 

[0003] The practical spin tunnel type magnetoresistance-effect head is indicated by Appl.Phys.Lett., 76, and 2424 
(2000). The free layer which consists of fee (face-centered cubic structure : face centered cubic structure) 
ferromagnetics from which the magnetization direction changes freely on a lower electrode according to an external 
magnetic field there, An AlOx barrier layer and the fixed bed which consists of fee ferromagnetics to which the 
magnetization direction is fixed with an antiferromagnetism film, The spin tunnel type magnetoresistance-effect head 
constituted by carrying out a laminating one by one is indicated including the PtMn system antiferromagnetism film 
and the up electrode, and it is the spin tunnel type magnetic-reluctance change (it is hereafter called a TMR ratio.). It is 
said that it reaches to about 30%. 
[0004] 

[Problem(s) to be Solved by the Invention] In order to realize the magnetic recorder and reproducing device of 
recording density high enough, it is necessary to realize a spin tunnel type magnetoresistance-effect head [ high power / 
structure / conventionally ]. The purpose of this invention is to offer a spin tunnel type magnetoresistance-effect head 
[ high power / structure / conventionally ]. Other purposes of this invention are to offer the magnetic recorder and 
reproducing device which used such a spin tunnel type magnetoresistance-effect head. 
[0005] 

[Means for Solving the Problem] The TMR ratio theoretical value of a spin tunnel type magnetoresistance-effect head 
is described by 2P1P2/(1-P1P2). Here, PI and P2 are spin polarizability of a free layer (ferromagnetic) and the fixed 
bed (ferromagnetic) which is in contact with the barrier layer. A free layer and the fixed bed are used as fcc-Co90FelO 
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film in both Appl.Phys.Lett., 76, and 2424 (2000). As shown in drawin g 8 , the spin polarizability P of fcc-Co90FelO 
film is 035, and if the relational expression of TMR ratio =2P1P2/(1-P1P2) is used, a TMR ratio will estimate it at 
about 28%. This theoretical value is well in agreement with about 30% of experimental values given 
[ aforementioned ] in reference. From this, even if a theoretical value discusses a TMR ratio, it is thought that it is 
satisfactory, and below, explanation is developed using a theoretical value. 

[0006] a TMR ratio - =2P1P2/(1-P1P2) « relational expression shows that what is necessary is just to enlarge the spin 
polarizability PI and P2, in order to raise the TMR ratio of a spin tunnel type magnetoresistance-effect head Generally, 
it is known that the bcc (body-centered cubic structure : body centered cubic structure) ferromagnetic of the spin 
polarizability P is larger than a fee ferromagnetic. From this, in order to consider as a spin tunnel type 
magnetoresistance-effect head [ high power / structure / conventionally ], any of the free layer and the fixed bed which 
are in contact with the barrier layer, one of the two, or both are understood [ a bcc ferromagnetic then ] are good. 
However, it does not function as a spin tunnel type magnetoresistance-effect head only by using any of a free layer and 
the fixed bed, one of the two, or both as a bcc ferromagnetic that it should consider as a spin tunnel type 
magnetoresistance-effect head [ high power / structure / conventionally ]. 

[0007] It is because the problem that it does not function as a free layer since a bcc ferromagnetic has bad soft 
magnetic characteristics occurs for example, when a bcc ferromagnetic is chosen as a free layer. Moreover, when a bcc 
ferromagnetic is chosen as the fixed bed, the problem that the switched connection magnetic field of a bcc 
ferromagnetic and the PtMn system antiferromagnetism film adopted with the conventional spin bulb type huge 
magnetoresistance-effect head (GMR head) is small, consequently it does not function as the fixed bed is also 
generated. 

[0008] therefore, in order to realize the spin tunnel type magnetoresistance-effect head which adopted the bcc 
ferromagnetic that it should consider as a spin tunnel type magnetoresistance-effect head [ high power / structure / 
conventionally ] (1) The free layer and the fixed bed which are in contact with the barrier layer either after making one 
of the two or both into a bcc ferromagnetic, when a bcc ferromagnetic is chosen as (2) free layers When a bcc 
ferromagnetic is adopted as the (3) fixed beds which establish a means to improve the soft magnetic characteristics of a 
free layer, it is necessary to realize element structure where three points of what a means by which a bcc ferromagnetic 
and a switched connection magnetic field big enough are securable is established for can be satisfied simultaneously. 
This invention persons find out the head structure where these three points can be satisfied, and came to complete this 
invention. 

[0009] The spin tunnel type magnetoresistance-effect head by this invention Moreover, a tunnel barrier layer and the 
free layer which consists of a ferromagnetic from which it is arranged at one tunnel barrier layer side, and the 
magnetization direction changes freely according to an external magnetic field, The fixed bed which consists of a 
ferromagnetic to which it has been arranged at the another side side of a tunnel barrier layer, and the magnetization 
direction was fixed, In the spin tunnel type magnetoresistance-effect head containing a cascade screen equipped with 
the antiferromagnetism film which exerts a switched connection magnetic field on the fixed bed, and the electrode of 
the couple which sandwiches the aforementioned cascade screen The fixed bed is a bcc ferromagnetic and an 
antiferromagnetism film is characterized by the CrMn system antiferromagnetism film which has an irregular phase, 
and being the CrMn system antiferromagnetism film which has the bcc-like structure of an irregular phase in a detail 
more. 

[0010] By spontaneous distortion which the CrMn system antiferromagnetism film itself has, the bcc-like structure of 
an irregular phase means the structure distorted more slightly than bcc structure. Since it is >1, the crystal structure 
distorted like body-centered tetragonal (body centered tetragonal :bct) structure is said, concrete - an c/a ratio — On the 
CrMn system antiferromagnetism film which has the bcc-like structure of an irregular phase A CrMnPt 
antiferromagnetism film, a CrMnRh antiferromagnetism film, a CrMnPd antiferromagnetism film, A CrMnAu 
antiferromagnetism film, a CrMnAg antiferromagnetism film, a CrMnCo antiferromagnetism film, A CrMnCu 
antiferromagnetism film is contained (Magnetics Society of Japan refer to 22 and 1262-1267 about the CrMn system 
antiferromagnetism film which has the bcc-like structure of an irregular phase (1998)). 

[001 1] The spin tunnel type magnetoresistance-effect head by this invention Moreover, a tunnel barrier layer and the 
free layer which consists of a ferromagnetic from which it is arranged at one tunnel barrier layer side, and the 
magnetization direction changes freely according to an external magnetic field, The fixed bed which consists of a 
ferromagnetic to which it has been arranged at the another side side of a tunnel barrier layer, and the magnetization 
direction was fixed, In the spin tunnel type magnetoresistance-effect head containing a cascade screen equipped with 
the antiferromagnetism film which exerts a switched connection magnetic field on the fixed bed, and the electrode of 
the couple which sandwiches the aforementioned cascade screen The fixed bed has the laminated structure of the bcc 
ferromagnetic arranged at the aforementioned tunnel barrier layer side, and the fee ferromagnetic arranged at the side 
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far from a tunnel barrier layer, and an antiferromagnetism film is characterized by being the antiferromagnetism film 
which has the face-centered tetragon structure of a rule phase. 

[0012] A PtMn antiferromagnetism film, a NiMn antiferromagnetism film, a PdMn antiferromagnetism film, an AuMn 
antiferromagnetism film, and Mn (PdPt) antiferromagnetism film are contained in the antiferromagnetism film which 
has the face-centered tetragon (face centered tetragonal :fct) structure of a rule phase. 

[0013] The spin tunnel type magnetoresistance-effect head by this invention A tunnel barrier layer and the free layer 
which consists of a ferromagnetic from which it is arranged at one tunnel barrier layer side, and the magnetization 
direction changes freely according to an external magnetic field, The fixed bed which consists of a ferromagnetic to 
which it has been arranged at the another side side of a tunnel barrier layer, and the magnetization direction was fixed, 
In the spin tunnel type magnetoresistance-effect head containing a cascade screen equipped with the 
antiferromagnetism film which exerts a switched connection magnetic field on the fixed bed, and the electrode of the 
couple which sandwiches the aforementioned cascade screen A free layer is characterized by having the laminated 
structure of the bcc ferromagnetic arranged at the aforementioned tunnel barrier layer side, and the fee ferromagnetic 
arranged at the side far from a tunnel barrier layer. 

[0014] The spin tunnel type magnetoresistance-effect head by this invention Moreover, a tunnel barrier layer and the 
free layer which consists of a ferromagnetic from which it is arranged at one tunnel barrier layer side, and the 
magnetization direction changes freely according to an external magnetic field, The fixed bed which consists of a 
ferromagnetic to which it has been arranged at the another side side of a tunnel barrier layer, and the magnetization 
direction was fixed, In the spin tunnel type magnetoresistance-effect head containing a cascade screen equipped with 
the antiferromagnetism film which exerts a switched connection magnetic field on the fixed bed, and the electrode of 
the couple which sandwiches the aforementioned cascade screen It is characterized by being the CrMn system 
antiferromagnetism film with which a free layer has the laminated structure of the bcc ferromagnetic arranged at the 
aforementioned tunnel barrier layer side, and the fee ferromagnetic arranged at the side far from a tunnel barrier layer, 
the fixed bed is a bcc ferromagnetic, and an antiferromagnetism film has an irregular phase. 
[0015] The spin tunnel type magnetoresistance-effect head by this invention Moreover, a tunnel barrier layer and the 
free layer which consists of a ferromagnetic from which it is arranged at one tunnel barrier layer side, and the 
magnetization direction changes freely according to an external magnetic field, The fixed bed which consists of a 
ferromagnetic to which it has been arranged at the another side side of a tunnel barrier layer, and the magnetization 
direction was fixed, In the spin tunnel type magnetoresistance-effect head containing a cascade screen equipped with 
the antiferromagnetism film which exerts a switched connection magnetic field on the fixed bed, and the electrode of 
the couple which sandwiches the aforementioned cascade screen A free layer has the laminated structure of the bcc 
ferromagnetic arranged at the aforementioned tunnel barrier layer side, and the fee ferromagnetic arranged at the side 
far from a tunnel barrier layer. The fixed bed has the laminated structure of the bcc ferromagnetic arranged at the 
aforementioned tunnel barrier layer side, and the fee ferromagnetic arranged at the side far from a tunnel barrier layer, 
and an antiferromagnetism film is characterized by being the antiferromagnetism film which has the face-centered 
tetragon structure of a rule phase. 

[0016] Below, the suitable examples of the spin tunnel type magnetoresistance-effect head by this invention are 
enumerated. However, this invention is not limited only to this suitable example. 

(1) The spin tunnel type magnetoresistance-effect head constituted by carrying out the laminating of the free layer 
which consists of a fee ferromagnetic from which the magnetization direction changes freely on a lower electrode 
according to an external magnetic field, and a bcc ferromagnetic, a barrier layer, the fixed bed which consists of bcc 
ferromagnetics by which the magnetization direction is fixed with an antiferromagnetism film, a CrMn system 
antiferromagnetism film, and the up electrode one by one. 

[001 7] (2) The spin tunnel type magnetoresistance-effect head constituted by carrying out the laminating of the free 
layer which consists of a fee ferromagnetic from which the magnetization direction changes freely on a lower electrode 
according to an external magnetic field, and a bcc ferromagnetic, a barrier layer, the fixed bed which consists of a bcc 
ferromagnetic by which the magnetization direction is fixed with an antiferromagnetism film, and a fee ferromagnetic, 
a PtMn antiferromagnetism film, and the up electrode one by one. 

[001 8] (3) The spin tunnel type magnetoresistance-effect head constituted on a lower electrode by carrying out the 
laminating of the fixed bed which consists of a PtMn antiferromagnetism film, a fee ferromagnetic to which the 
magnetization direction is fixed with an antiferromagnetism film, and a bcc ferromagnetic, a barrier layer, the free 
layer which consists of a bcc ferromagnetic from which the magnetization direction changes freely according to an 
external magnetic field, and a fee ferromagnetic, and the up electrode one by one. 

[0019] (4) The spin tunnel type magnetoresistance-effect head constituted by carrying out the laminating of the free 
layer which consists of fee ferromagnetics from which the magnetization direction changes freely on a lower electrode 



Page 4 of 10 

according to an external magnetic field, a barrier layer, the fixed bed which consists of bcc ferromagnetics by which 
the magnetization direction is fixed with an antiferromagnetism film, a CrMn system antiferromagnetism film, and the 
up electrode one by one. 

[0020] (5) The spin tunnel type magnetoresistance-effect head constituted by carrying out the laminating of the free 
layer which consists of fee ferromagnetics from which the magnetization direction changes freely on a lower electrode 
according to an external magnetic field, a barrier layer, the fixed bed which consists of a bcc ferromagnetic by which 
the magnetization direction is fixed with an antiferromagnetism film, and a fee ferromagnetic, a PtMn 
antiferromagnetism film, and the up electrode one by one. 

[0021] (6) The spin tunnel type magnetoresistance-effect head constituted on a lower electrode by carrying out the 
laminating of the fixed bed which consists of a PtMn antiferromagnetism film, a fee ferromagnetic to which the 
magnetization direction is fixed with an antiferromagnetism film, and a bcc ferromagnetic, a barrier layer, the free 
layer which consists of fee ferromagnetics from which the magnetization direction changes freely according to an 
external magnetic field, and the up electrode one by one. 

[0022] The magnetic head to which the magnetic recorder and reproducing device by this invention performs writing 
or read-out of information to a magnetic-recording medium and a magnetic-recording medium, In the magnetic 
recorder and reproducing device containing the magnetic-head driving means which move the magnetic head to the 
position on a magnetic-recording medium the magnetic head The free layer which consists of a ferromagnetic from 
which it has the laminated structure of the bcc ferromagnetic which has been arranged at one tunnel barrier layer and 
tunnel barrier layer side, and has been arranged at the tunnel barrier layer side, and the fee ferromagnetic arranged at 
the side far from a tunnel barrier layer, and the magnetization direction changes freely according to an external 
magnetic field, The fixed bed which consists of a bcc ferromagnetic to which it has been arranged at the another side 
side of a tunnel barrier layer, and the magnetization direction was fixed, A cascade screen equipped with the CrMn 
system antiferromagnetism film which has the irregular phase which exerts a switched connection magnetic field on 
the fixed bed, The spin tunnel type magnetoresistance-effect head containing the electrode of the couple which 
sandwiches a cascade screen, or a tunnel barrier layer, The free layer which consists of a ferromagnetic from which it 
has the laminated structure of the bcc ferromagnetic which has been arranged at one tunnel barrier layer side, and has 
been arranged at the tunnel barrier layer side, and the fee ferromagnetic arranged at the side far from a tunnel barrier 
layer, and the magnetization direction changes freely according to an external magnetic field, The fixed bed which 
consists of a ferromagnetic to which it has the laminated structure of the bcc ferromagnetic which has been arranged at 
the another side side of a tunnel barrier layer, and has been arranged at the tunnel barrier layer side, and the fee 
ferromagnetic arranged at the side far from a tunnel barrier layer, and the magnetization direction was fixed, It is 
characterized by having a spin tunnel type magnetoresistance-effect head containing a cascade screen equipped with 
the antiferromagnetism film which has the face-centered tetragon structure of the rule phase which exerts a switched 
connection magnetic field on the fixed bed, and the electrode of the couple which sandwiches a cascade screen. 
[0023] 

[Embodiments of the Invention] Hereafter, the form of operation of this invention is explained with reference to a 
drawing. 

[Example 1] Drawing 1 is the expanded sectional view showing the example of structure of the spin tunnel type 
magnetoresistance-effect head by this invention. On the lower electrode 500, including the free layer by which the 
magnetization direction is constituted from a fee ferromagnetic 101 which changes freely, and a bcc ferromagnetic 100 
according to an external magnetic field, a barrier layer (barrier layer) 400, the fixed bed which consists of bcc 
ferromagnetics 200 by which the magnetization direction is fixed with an antiferromagnetism film, the CrMnPt 
antiferromagnetism film 300, and the up electrode 501, the laminating of this spin tunnel type magnetoresistance-effect 
head is carried out one by one, and it is constituted. In element both ends, in order to suppress a Barkhausen noise, the 
700/(hard magnetism film) alumina insulator layer 600 of 600/CoCrPt hard films of alumina insulator layers has been 
arranged. 

[0024] A typical material and the thickness are as follows. The lower electrode 500 consists of Ru films, and thickness 
is 50nm. The fee ferromagnetic 101 consists of nickel81Fel9 films, and thickness is lOnm. The bcc ferromagnetic 100 
consists of Fe films, and thickness is 2nm. The barrier layer 400 consists of AlOx films, and thickness is 0.8nm. The 
bcc ferromagnetic 200 consists of Fe films, and thickness is 3nm. (CrMn) The thickness of PtlO (Cr:Mn=l:l) 
antiferromagnetism film 300 is 20nm. The up electrode 501 consists of Ru films, and thickness is 50nm. 
[0025] Fe film is adopted as the bcc ferromagnetic 100 (free layer) and the bcc ferromagnetic 200 (fixed bed) which 
are in contact with the barrier layer 400 in this example, it is shown in drawing 7 and 8 - as ~ the spin polarizability P 
of Fe film 0.40 - it is ~ a TMR ratio 38% is obtained moreover, a TMR ratio since the spin polarizability P of 
nickel25Fe75 film is 0.47 when nickel25Fe75 film is adopted as the bcc ferromagnetic 100 (free layer) and the bcc 
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ferromagnetic 200 (fixed bed) as shown in drawin g 7 and 8 ~ 57% is obtained Thus, a bigger TMR ratio than the 
conventional technology is securable by making into a bcc ferromagnetic both ferromagnetics which are in contact 
with the barrier layer 400. 

[0026] Next, the soft magnetic characteristics of a free layer are explained. Generally, the bcc ferromagnetic is known 
for soft magnetic characteristics not being so good. Therefore, in a bcc ferromagnetic monolayer, it does not function 
as a free layer. In this invention, the fee ferromagnetic 101 which is excellent in soft magnetic characteristics at the bcc 
ferromagnetic 100 bottom is arranged as mentioned above. Soft magnetic characteristics were secured by considering a 
free layer as a fee ferromagnetic / bcc ferromagnetic two-layer composition. 

[0027] Finally, the switched connection magnetic field of the fixed bed is explained. When the fixed bed is made into a 
bcc ferromagnetic, even if it forms the PtMn antiferromagnetism film used by the conventional GMR head above a bcc 
ferromagnetic, sufficient switched connection magnetic field is not acquired. The PtMn antiferromagnetism film has 
the crystal structure of fct (face centered tetragonal), and it is because the PtMn antiferromagnetism film of fct cannot 
grow epitaxially on a bcc ferromagnetic. 

[0028] On the other hand, as shown in drawing 7 , the 1 direction anisotropy energy constant Ke generated by the 
switched connection of a bcc ferromagnetic and a CrMnPt antiferromagnetism film is as large as about 0.14 to 0.345 
erg/cm2 (J [ 0.00014 to 0.000345 ]/m2), and its blocking temperature TB is as high as 320 to 380 degree C. for 
example, the case of 3nm of Fe films — the switched connection magnetic field Hex of Fe film and a CrMnPt 
antiferromagnetism film - Ke=tMSHex (tferromagnetism thickness, saturation magnetization of MS: ferromagnetic) -- 
when it converts from relational expression, it is about 300 to 700 Oe (3.77-8.79 A/m), and is fully large Therefore, 
switched connection magnetic field sufficient by arranging a CrMnPt antiferromagnetism film on a bcc ferromagnetic 
is securable. 

[0029] [Example 2] Drawin g 2 is the expanded sectional view showing other examples of structure of the spin tunnel 
type magnetoresistance-effect head by this invention. On the lower electrode 500, including the free layer by which the 
magnetization direction is constituted from a fee ferromagnetic 101 which changes freely, and a bcc ferromagnetic 100 
according to an external magnetic field, a barrier layer 400, the fixed bed which consists of a bcc ferromagnetic 200 by 
which the magnetization direction is fixed with an antiferromagnetism film, and a fee ferromagnetic 201, the PtMn 
antiferromagnetism film 300, and the up electrode 501, the laminating of this spin tunnel type magnetoresistance-effect 
head is carried out one by one, and it is constituted. In element both ends, in order to suppress a Barkhausen noise, the 
700/alumina insulator layer 600 of 600/CoCrPt hard films of alumina insulator layers has been arranged. 
[0030] A typical material and the thickness are as follows. The lower electrode 500 consists of Ru films, and thickness 
is 50nm. The fee ferromagnetic 101 consists of nickel81Fel9 films, and thickness is lOnm. The bcc ferromagnetic 100 
consists of Fe films, and thickness is 2nm. The barrier layer 400 consists of AlOx films, and thickness is 0.8nm. The 
bcc ferromagnetic 200 consists of Fe films, and thickness is 1.5nm. The fee ferromagnetic 201 consists of Co90FelO 
films, and thickness is 1.5nm. The thickness of the Pt50Mn50 antiferromagnetism film 300 is 20nm. The up electrode 
501 consists of Ru films, and thickness is 50nm. 

[0031] Fe film is adopted as the bcc ferromagnetic 100 (free layer) and the bcc ferromagnetic 200 (fixed bed) which 
are in contact with the barrier layer 400 in this example, it is shown in drawin g 7 and 8 ~ as — the spin polarizability P 
of Fe film — 0.40 — it is — a TMR ratio — 38% is obtained moreover, a TMR ratio since the spin polarizability P of 
nickel25Fe75 film is 0.47 when nickel25Fe75 film is adopted as the bcc ferromagnetic 100 (free layer) and the bcc 
ferromagnetic 200 (fixed bed) as shown in drawing 7 and 8 — 57% is obtained Thus, a bigger TMR ratio than the 
conventional technology is securable by making into a bcc ferromagnetic both ferromagnetics which are in contact 
with the barrier layer. 

[0032] Next, the soft magnetic characteristics of a free layer are explained. Generally, the bcc ferromagnetic is known 
for soft magnetic characteristics not being so good. Therefore, in a bcc ferromagnetic monolayer, it does not function 
as a free layer. In this invention, the fee ferromagnetic 101 which is excellent in soft magnetic characteristics at the bcc 
ferromagnetic 100 bottom is arranged as mentioned above. Soft magnetic characteristics were secured by considering a 
free layer as a fee ferromagnetic / bcc ferromagnetic two-layer composition. 

[0033] Finally, the switched connection magnetic field of the fixed bed is explained. When the fixed bed is made into a 
bcc ferromagnetic, even if it forms direct the PtMn antiferromagnetism film used by the conventional GMR head 
above a bcc ferromagnetic, sufficient switched connection magnetic field is not acquired. The PtMn 
antiferromagnetism film has the crystal structure of fct, and it is because the PtMn antiferromagnetism film of fct 
cannot grow epitaxially on a bcc ferromagnetic. 

[0034] On the other hand, the fee ferromagnetic 201 is made to intervene in the middle of the bcc ferromagnetic 200 
and the PtMn antiferromagnetism film 300 in this example. Generally, magnetic combination of ferromagnetics is very 
strong. Moreover, as shown in drawmg.7 , the 1 direction anisotropy energy constant Ke generated by the switched 



Page 6 of 10 



connection of a fee ferromagnetic and a PtMn antiferromagnetism film is as large as about 0.32 erg/cm2 (J 
[ 0.00032 ]/m3), and its blocking temperature TB is as high as 380 degrees C. For example, when Co90FelO 1 .5nm 
film is adopted as 1 .5nm Fe film and a fee ferromagnetic 201 as a bec ferromagnetic 200, when the switched 
connection magnetic field Hex of Fe/Co90FelO film and a PtMn antiferromagnetism film is converted from the 
relational expression which becomes Ke=tMSHex, they are about 695 Oe(s) (8.73 A/m), and is fully large. Therefore, 
switched connection magnetic field sufficient by arranging a fee ferromagnetic for the middle of a bec ferromagnetic 
and a PtMn antiferromagnetism film is securable. 

[0035] [Example 3] Drawin g 3 is the expanded sectional view showing other examples of structure of the spin tunnel 
type magnetoresistance-effect head by this invention. On the lower electrode 500, including the fixed bed which 
consists of a PtMn antiferromagnetism film 300, a fee ferromagnetic 201 to which the magnetization direction is fixed 
with an antiferromagnetism film, and a bec ferromagnetic 200, a barrier layer 400, the free layer by which the 
magnetization direction is constituted from a bec ferromagnetic 100 which changes freely, and a fee ferromagnetic 101 
according to an external magnetic field, and the up electrode 501, the laminating of this spin tunnel type 
magnetoresistance-effect head is carried out one by one, and it is constituted. In element both ends, in order to suppress 
a Barkhausen noise, the 700/alumina insulator layer 600 of 600/CoCrPt hard films of alumina insulator layers has been 
arranged. 

[0036] A typical material and the thickness are as follows. The lower electrode 500 consists of Ru films, and thickness 
is 50nm. The thickness of the Pt50Mn50 antiferromagnetism film 300 is 20nm. The fee ferromagnetic 201 consists of 
Co90FelO films, and thickness is L5nm. The bec ferromagnetic 200 consists of Fe films, and thickness is 1.5nm. The 
barrier layer 400 consists of AlOx films, and thickness is 0.8nm. The bec ferromagnetic 100 consists of Fe films, and 
thickness is 2nm. The fee ferromagnetic 101 consists of nickel81Fel9 films, and thickness is lOnm. The up electrode 
501 consists of Ru films, and thickness is 50nm. 

[0037] Fe film is adopted as the bec ferromagnetic 100 (free layer) and the bec ferromagnetic 200 (fixed bed) which 
are in contact with the barrier layer 400 in this example, it is shown in drawing 7 and 8 as « the spin polarizability P 
of Fe film -- 0.40 » it is - a TMR ratio ~ 38% is obtained moreover, a TMR ratio since the spin polarizability P of 
nickel25Fe75 film is 0.47 when nickel25Fe75 film is adopted as the bec ferromagnetic 100 (free layer) and the bec 
ferromagnetic 200 (fixed bed) as shown in drawing 7 and 8 57% is obtained Thus, a bigger TMR ratio than the 
conventional technology is securable by making into a bec ferromagnetic both ferromagnetics which are in contact 
with the barrier layer. 

[0038] Next, the soft magnetic characteristics of a free layer are explained. Generally, the bec ferromagnetic is known 
for soft magnetic characteristics not being so good. Therefore, in a bec ferromagnetic monolayer, it does not function 
as a free layer. In this invention, the fee ferromagnetic 101 which is excellent in soft magnetic characteristics at the bec 
ferromagnetic 100 bottom is arranged as mentioned above. Soft magnetic characteristics were secured by considering a 
free layer as the two-layer composition of a bec ferromagnetic / fee ferromagnetic. 

[0039] Finally, the switched connection magnetic field of the fixed bed is explained. When the fixed bed is made into a 
bec ferromagnetic, even if it forms a bec ferromagnetic direct on the PtMn antiferromagnetism film used by the 
conventional GMR head, sufficient switched connection magnetic field is not acquired. The PtMn antiferromagnetism 
film has the crystal structure of fct, and it is because a bec ferromagnetic cannot grow epitaxially on the PtMn 
antiferromagnetism film of fct. 

[0040] On the other hand, the fee ferromagnetic 201 is made to intervene in the middle of the PtMn 
antiferromagnetism film 300 and the bec ferromagnetic 200 in this example. Generally, magnetic combination of 
ferromagnetics is very strong. Moreover, as shown in drawin g 7 , the 1 direction anisotropy energy constant Ke 
generated by the switched connection of a PtMn antiferromagnetism film and a fee ferromagnetic is as large as about 
0.32 erg/cm2 (J [ 0.00032 ]/m3), and its blocking temperature TB is as high as 380 degrees C. For example, when 
1 .5nm Fe film is adopted as Co90FelO 1 .5nm film and a bec ferromagnetic 200 as a fee ferromagnetic 201 , when the 
switched connection magnetic field Hex of a PtMn antiferromagnetism film and a Co90FelO/Fe film is converted from 
the relational expression which becomes Ke=tMSHex, they are about 695 Oe(s) (8.73 A/m), and is fully large. 
Therefore, switched connection magnetic field sufficient by arranging a fee ferromagnetic for the middle of a PtMn 
antiferromagnetism film and a bec ferromagnetic is securable. 

[0041] [Example 4] Drawin g 4 is the expanded sectional view showing other examples of structure of the spin tunnel 
type magnetoresistance-effect head by this invention. On the lower electrode 500, including the free layer by which the 
magnetization direction is constituted from a fee ferromagnetic 101 which changes freely according to an external 
magnetic field, a barrier layer 400, the fixed bed which consists of bec ferromagnetics 200 by which the magnetization 
direction is fixed with an antiferromagnetism film, the CrMnPt antiferromagnetism film 300, and the up electrode 501, 
the laminating of this spin tunnel type magnetoresistance-effect head is carried out one by one, and it is constituted. In 
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element both ends, in order to suppress a Barkhausen noise, the 700/alumina insulator layer 600 of 600/CoCrPt hard 
films of alumina insulator layers has been arranged. 

[0042] A typical material and the thickness are as follows. The lower electrode 500 consists of Ru films, and thickness 
is 50nm. The fee ferromagnetic 101 consists of Co90FelO films, and thickness is 5nm. The barrier layer 400 consists 
of AlOx films, and thickness is 0.8nm. The bec ferromagnetic 200 consists of Fe films, and thickness is 3nm. The 
thickness of the CrMnPt antiferromagnetism film 300 is 20nm. The up electrode 501 consists of Ru films, and 
thickness is 50nm. 

[0043] Co90FelO film is adopted as the fee ferromagnetic 101 (free layer) which is in contact with the barrier layer 
400 in this example, and Fe film is adopted as the bec ferromagnetic 200 (fixed bed), it is shown in drawing 7 and 8 ~ 
as - the spin polarizability P of Co90FelO film and Fe film - 0. 35 and 0.40 - it is -- a TMR ratio 33% is 
obtained moreover — the case where Co90FelO film was adopted as the fee ferromagnetic 101 (free layer), and 
nickel25Fe75 film is adopted as the bec ferromagnetic 200 (fixed bed) as shown in drawing 7 and 8 — the spin 
polarizability P of Co90FelO film and nickel25Fe75 film - 0. - a TMR ratio since it is 35 and 0.47 ~ 39% is obtained 
Thus, a bigger TMR ratio than the conventional technology is securable by making into a bec ferromagnetic one of the 
two of the ferromagnetic which is in contact with the barrier layer. 

[0044] Since the free layer is constituted from a fee ferromagnetic, it is satisfactory to soft magnetic characteristics. 
Next, the switched connection magnetic field of the fixed bed is explained. When the fixed bed is made into a bec 
ferromagnetic, even if it forms the PtMn antiferromagnetism film used by the conventional GMR head above a bec 
ferromagnetic, sufficient switched connection magnetic field is not acquired. The PtMn antiferromagnetism film has 
the crystal structure of fct, and it is because the PtMn antiferromagnetism film of fct cannot grow epitaxially on a bec 
ferromagnetic. 

[0045] On the other hand, as shown in drawin g 7 , the 1 direction anisotropy energy constant Ke generated by the 
switched connection of a bec ferromagnetic and a CrMnPt antiferromagnetism film is as large as about 0.14 to 0.345 
erg/cm2 (J [ 0.00014 to 0.000345 ]/m2), and its blocking temperature TB is as high as 320 to 380 degree C. For 
example, when it converts from the relational expression with which the switched connection magnetic field Hex of Fe 
film and a CrMnPt antiferromagnetism film becomes Ke=tMSHex in the case of 3nm of Fe films, it is about 300 to 700 
Oe (3.77-8.79 A/m), and is fully large. Therefore, switched connection magnetic field sufficient by arranging a CrMnPt 
antiferromagnetism film on a bec ferromagnetic is securable. 

[0046] [Example 5] Drawing 5 is the expanded sectional view showing other examples of structure of the spin tunnel 
type magnetoresistance-effect head by this invention. On the lower electrode 500, including the free layer by which the 
magnetization direction is constituted from a fee ferromagnetic 101 which changes freely according to an external 
magnetic field, a barrier layer 400, the fixed bed which consists of a bec ferromagnetic 200 by which the magnetization 
direction is fixed with an antiferromagnetism film, and a fee ferromagnetic 201, the PtMn antiferromagnetism film 
300, and the up electrode 501, the laminating of this spin tunnel type magnetoresistance-effect head is carried out one 
by one, and it is constituted. In element both ends, in order to suppress a Barkhausen noise, the 700/alumina insulator 
layer 600 of 600/CoCrPt hard films of alumina insulator layers has been arranged. 

[0047] A typical material and the thickness are as follows. The lower electrode 500 consists of Ru films, and thickness 
is 50nm. The fee ferromagnetic 101 consists of Co90FelO films, and thickness is 5nm. The barrier layer 400 consists 
of AlOx films, and thickness is 0.8nm. The bec ferromagnetic 200 consists of Fe films, and thickness is 1.5nm. The fee 
ferromagnetic 201 consists of Co90FelO films, and thickness is 1.5nm. The thickness of the Pt50Mn50 
antiferromagnetism film 300 is 20nm. The up electrode 501 consists of Ru films, and thickness is 50nm. 
[0048] Co90FelO film is adopted as the fee ferromagnetic 101 (free layer) which is in contact with the barrier layer 
400 in this example, and Fe film is adopted as the bec ferromagnetic 200 (fixed bed), it is shown in drawing 7 and 8 — 
as the spin polarizability P of Co90FelO film and Fe film - 0.-35 and 0.40 ~ it is - a TMR ratio - 33% is 
obtained moreover — the case where Co90FelO film was adopted as the fee ferromagnetic 101 (free layer), and 
nickel25Fe75 film is adopted as the bec ferromagnetic 200 (fixed bed) as shown in drawing 7 and 8 - the spin 
polarizability P of Co90FelO film and nickel25Fe75 film 0. - a TMR ratio since it is 35 and 0.47 - 39% is obtained 
Thus, a bigger TMR ratio than the conventional technology is securable by making into a bec ferromagnetic one of the 
two of the ferromagnetic which is in contact with the barrier layer, 

[0049] Since the free layer is constituted from a fee ferromagnetic, it is satisfactory to soft magnetic characteristics. 
Next, the switched connection magnetic field of the fixed bed is explained. When the fixed bed is made into a bec 
ferromagnetic, even if it forms direct the PtMn antiferromagnetism film used by the conventional GMR head above a 
bec ferromagnetic, sufficient switched connection magnetic field is not acquired. The PtMn antiferromagnetism film 
has the crystal structure of fct, and it is because the PtMn antiferromagnetism film of fct cannot grow epitaxially on a 
bec ferromagnetic. 
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[0050] On the other hand, the fee ferromagnetic 201 is made to intervene in the middle of the bec ferromagnetic 200 
and the PtMn antiferromagnetism film 300 in this example. Generally, magnetic combination of ferromagnetics is very 
strong. Moreover, as shown in drawing 7 , the 1 direction anisotropy energy constant Ke generated by the switched 
connection of a fee ferromagnetic and a PtMn antiferromagnetism film is as large as about 0.32 erg/cm2 (J 
[ 0.00032 ]/m3), and its blocking temperature TB is as high as 380 degrees C. For example, when Co90FelO 1 .5nm 
film is adopted as 1.5nm Fe film and a fee ferromagnetic 201 as a bec ferromagnetic 200, when the switched 
connection magnetic field Hex of Fe/Co90FelO film and a PtMn antiferromagnetism film is converted from the 
relational expression which becomes Ke=tMSHex, they are about 695 Oe(s) (8.73 A/m), and is fully large. Therefore, 
switched connection magnetic field sufficient by arranging a fee ferromagnetic for the middle of a bec ferromagnetic 
and a PtMn antiferromagnetism film is securable. 

[0051] [Example 6] Drawin g 6 is the expanded sectional view showing other examples of structure of the spin tunnel 
type magnetoresistance-effect head by this invention. On the lower electrode 500, including the fixed bed which 
consists of a PtMn antiferromagnetism film 300, a fee ferromagnetic 201 to which the magnetization direction is fixed 
with an antiferromagnetism film, and a bec ferromagnetic 200, a barrier layer 400, the free layer by which the 
magnetization direction is constituted from a fee ferromagnetic 101 which changes freely according to an external 
magnetic field, and the up electrode 501, the laminating of this spin tunnel type magnetoresistance-effect head is 
carried out one by one, and it is constituted. In element both ends, in order to suppress a Barkhausen noise, the 
700/alumina insulator layer 600 of 600/CoCrPt hard films of alumina insulator layers has been arranged. 
[0052] A typical material and the thickness are as follows. The lower electrode 500 consists of Ru films, and thickness 
is 50nm. The thickness of the Pt50Mn50 antiferromagnetism film 300 is 20nm. The fee ferromagnetic 201 consists of 
Co90FelO films, and thickness is 1.5nm. The bec ferromagnetic 200 consists of Fe films, and thickness is 1.5nm. The 
barrier layer 400 consists of AlOx films, and thickness is 0.8nm. The fee ferromagnetic 101 consists of Co90FelO 
films, and thickness is 5nm. The up electrode 501 consists of Ru films, and thickness is 50nm. 
[0053] Co90FelO film is adopted as the fee ferromagnetic 101 (free layer) which is in contact with the barrier layer 
400 in this example, and Fe film is adopted as the bec ferromagnetic 200 (fixed bed), it is shown in drawing J and 8 -- 
as - the spin polarizability P of Co90FelO film and Fe film - 0. - 35 and 0.40 - it is - a TMR ratio - 33% is 
obtained moreover - the case where Co90FelO film was adopted as the fee ferromagnetic 101 (free layer), and 
nickel25Fe75 film is adopted as the bec ferromagnetic 200 (fixed bed) as shown in drawin g 7 and 8 - the spin 
polarizability P of Co90FelO film and nickel25Fe75 film 0. - a TMR ratio since it is 35 and 0.47 - 39% is obtained 
Thus, a bigger TMR ratio than the conventional technology is securable by making into a bec ferromagnetic one of the 
two of the ferromagnetic which is in contact with the barrier layer. 

[0054] Next, since the free layer is constituted from a fee ferromagnetic, it is satisfactory to soft magnetic 
characteristics. Finally, the switched connection magnetic field of the fixed bed is explained. When the fixed bed is 
made into a bec ferromagnetic, even if it forms a bec ferromagnetic direct on the PtMn antiferromagnetism film used 
by the conventional GMR head, sufficient switched connection magnetic field is not acquired. The PtMn 
antiferromagnetism film has the crystal structure of fct, and it is because a bec ferromagnetic cannot grow epitaxially 
on the PtMn antiferromagnetism film of fct. On the other hand, the fee ferromagnetic 201 is made to intervene in the 
middle of the PtMn antiferromagnetism film 300 and the bec ferromagnetic 200 in this example. Generally, magnetic 
combination of ferromagnetics is very strong. Moreover, as shown in drawing 7 , the 1 direction anisotropy energy 
constant Ke generated by the switched connection of a PtMn antiferromagnetism film and a fee ferromagnetic is as 
large as about 0.32 erg/cm2 (J [ 0.00032 ]/m3), and its blocking temperature TB is as high as 380 degrees C. For 
example, when 1.5nm Fe film is adopted as Co90FelO 1.5nm film and a bec ferromagnetic 200 as a fee ferromagnetic 
201, when the switched connection magnetic field Hex of a PtMn antiferromagnetism film and a Co90FelO/Fe film is 
converted from the relational expression which becomes Ke=tMSHex, they are about 695 Oe(s) (8.73 A/m), and is 
fully large. Therefore, switched connection magnetic field sufficient by arranging a fee ferromagnetic for the middle of 
a PtMn antiferromagnetism film and a bec ferromagnetic is securable. 

[0055] [Example 7] Drawin g 9 is the schematic diagram showing an example of the magnetic disk unit using the spin 
tunnel type magnetoresistance-effect head by this invention. This example shows the outline which applied the spin 
tunnel type magnetoresistance-effect head by this invention to the magnetic disk unit as a magnetic recording medium. 
However, the spin tunnel type magnetoresistance-effect head of this invention can be applied to magnetic recording 
media, such as a magnetic tape unit, or optical-magnetic disc equipment. 

[0056] The magnetic disk 10 as a magnetic-recording medium formed in the shape of [ for the illustrated magnetic disk 
unit recording data on the record section called concentric circle-like truck ] a disk, The magnetic head 18 for 
consisting of a spin tunnel type magnetoresistance-effect head by this invention, and carrying out reading of the above- 
mentioned data and writing, It is constituted including the control means which control movement of the actuator 
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means which supports this magnetic head 18 and is moved to the predetermined position on a magnetic disk 10, and a 
transmission and reception of the data which the magnetic head 18 reads and are written in and an actuator means etc. 
[0057] Furthermore, composition and operation are explained below. The magnetic disk 10 which can rotate at least 
one sheet is supported by the axis of rotation 12, and is rotated by the motor 14 for a drive. At least, it is installed on a 
magnetic disk 10, and this slider 16 is formed more than the piece, and the slider 16 of a piece is supporting the 
magnetic head 18 for reading and writing in. In addition, drawing, the magnetic head 18 located on a slider 16 is taken 
out and expanded, and is shown typically. 

[0058] When a slider 16 moves in a disk front face, it is accessed in the predetermined position where the target data 
are recorded, at the same time a magnetic disk 10 rotates. A slider 16 is attached by the gimbal 20 for an arm 22. A 
gimbal 20 has few elasticity and sticks a slider 16 to a magnetic disk 10. An arm 22 is attached in an actuator 24. 
[0059] As an actuator 24, there is a voice coil motor (VCM is called hereafter). VCM consists of a movable coil placed 
into the fixed magnetic field, and the move direction, traverse speed, etc. of a coil are controlled by the electrical signal 
given through a line 30 from control means 26. Therefore, the actuator means by this example is constituted including 
a slider 16, a gimbal 20, an arm 22, an actuator 24, and a line 30. 

[0060] By working [ of a magnetic disk ], and rotation of a magnetic disk 10, between a slider 16 and a disk front face, 
the pneumatic bearing by the airstream arises and it surfaces a slider 16 from the front face of a magnetic disk 10. 
Therefore, working [ of a magnetic disk unit ] and this pneumatic bearing maintain the slight elastic force and slight 
balance of a gimbal 20, and a slider 16 is maintained so that a magnetic disk 10 and a fixed interval may be maintained 
and it may rise to surface, without touching a magnetic-disk front face. 

[0061] Usually, control means 26 consist of a logical circuit, memory, a microprocessor, etc. And transmitting and 
receiving [ and ] a control signal, control means 26 control the various composition meanses of a magnetic disk unit 
through each line. For example, a motor 14 is controlled by the motorised signal transmitted through a line 28. 
[0062] An actuator 24 is controlled to move and position the slider 16 chosen to the data track made into the purpose 
on the related magnetic disk 10 the optimal with a head position control signal, a seeking control signal, etc. through 
the line 30. 

[0063] And the magnetic head 18 receives the electrical signal which read and changed the data of a magnetic disk 10 
through a line 32, and decodes a control signal 26. Moreover, the electrical signal for writing in a magnetic disk 10 as 
data is transmitted to the magnetic head 18 through a line 32. That is, control means 26 are controlling transmission 
and reception of the information which the magnetic head 18 reads or writes in. 

[0064] In addition, the means directly transmitted from the magnetic head 18 is also possible for the above-mentioned 
reading and a write-in signal. Moreover, there are for example, an access-control signal, a clock signal, etc. as a control 
signal. Furthermore, a magnetic disk unit may have two or more magnetic disks, actuators, etc., and this actuator may 
have two or more magnetic heads. 

[0065] Furthermore, the same effect is acquired even if it replaces the CrMnPt antiferromagnetism film 300 explained 
in the above example by other CrMn system antiferromagnetism films which have an irregular phase, for example, 
CrMnRh, CrMnPd, CrMnAu, CrMnAg, CrMnCo, and the CrMnCu antiferromagnetism film. Moreover, the same 
effect is acquired even if it replaces the PtMn antiferromagnetism film 300 explained in the above example by other 
antiferromagnetism films which have the face-centered tetragon (fct) structure of a rule phase, for example, NiMn, 
PdMn, AuMn, and Mn (PdPt) antiferromagnetism film. 

[0066] Furthermore, in the above-mentioned example, although the switched connection magnetic field was secured by 
the direct switched connection of a ferromagnetic and an antiferromagnetism film, you may secure a switched 
connection magnetic field with the laminating ferry structure made into the so-called ferromagnetic / Ru / 
ferromagnetic / CrMnPt, a ferromagnetic / Ru / ferromagnetic / PtMn or the CrMnPt / ferromagnetic / Ru / 
ferromagnetic, the PtMn / ferromagnetic / Ru / ferromagnetic, etc. 
[0067] 

[Effect of the Invention] As it ****(ed) above, after making into a bcc ferromagnetic either of the free layers and the 
fixed beds which are in contact with (1) barrier layer, or both according to this invention (2) when a bcc ferromagnetic 
is chosen as a free layer When a bcc ferromagnetic is adopted as the (3) fixed beds which establish a means to improve 
the soft magnetic characteristics of a free layer The spin tunnel type magnetoresistance-effect head structure which 
adopted the bcc ferromagnetic which can satisfy simultaneously three points of what a means by which a bcc 
ferromagnetic and a switched connection magnetic field big enough are securable is established for is realizable. 
Thereby, about 60% of TMR ratio maximum was realizable. Therefore, a spin tunnel type magnetoresistance-effect 
head [ high power / structure / conventionally ] and also a high recording density magnetic recorder and reproducing 
device can be offered. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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aattattftE f >*;n*s«a> zm^mizwimzntz 

7, tf > F >^JH1MMSA7 F. 

t»kr* gaeii* 5** e *■ t . we f >*;n» 

■TR3aattIJt£«:«*.*«Hil£. ttEWBm^^tr- 

mEBSattWKF>*;W»M«fcE«*ftfcb c c 

f c c&affl8<h©«JB«tifi£*rU WEB£JBttb c 
c»attfltT*0. lWES5a«ffiHltt^«a'J«S:*"r* 
C r Mn*K»»tt«Ta*££*««£T*;*e> F 



(2) 4*H 2 0 0 2 - 7 4 6 2 6 
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>*;usa«jftfti»*'v.y f\ 

[»*3H5] F>*;H*fiJH£. WE F >*;HgIIJS 

c»t**aBitaw»&£ft a sat. we f >*;w* 
fijiote^offlifcEasne^isj^HjSsnfcaatt 

M*&ft«H£n£. ttEHftlifcSEMIS^atfffc&S 
T£$ai±llil<h£fii*-5*fiJI)ll<h, MEWMt^fttT- 

e>F>*;wsa*J^&*^y F 

io mig&mitmib >*)i>mmmmizmm-2fttzb c c 
aaea t we f > * ;m*bb a» s a ^ >a ic eb s n 
f c c&mtemt<vmmwm.zmv. WEB^ittwiH 

F >*M*BB«!lfc:EB£nfcb c c &ai£K£WE F 

>*)mmmfr*>m*mizmwzntz f c c&affi^t 

©«IHf ifi£«U KrES9S«ttJlittt*a'Jffl©ffi<?jE* 

s^jfi^w-r-ss^ttWTab c t t-r & t. tr 
>F>*;uaa«stfia**'^ F. 

[A^6] a4tEfi&tt£. «rE«*E««M*:fc** 
LTBaroafcii^Xtttt^ttiLSfT'Sa&'sy F<h. 
20 WEO«^y F*ttE«aE»J*fls±©BfS©(S«^» 

as-ssaai'w FK»*at**tra«Ees^si« 

WEaft"vy F*tt. K>*JHIiii:, WEF>*.M* 
*OfflJKE«snKlE F >^;H*H@ffliJ(cEB 
$nfcb c c5S«tt«tKrEF>*;UWfiJB*^j8^fll 

tcE^stifc f c c&at^£©aaa&&#i<ftaa 
gfiit, we f >*;n»s«ote*©fflijtcE«*n» 

ffc^lSjJ^BJSStiifcb c cSaaffi&tf'S&aHSJIt. 
30 «(EH3£IBt3Sjlfl«^aff«:R«-r 5 F«B'Jffife*-r4C 

£-&trx tr> f >*^sia^t«i* 

^\^F, afe2>^«F>^;Wfi«t, SufEh>^^»li 
)■©— *ofi«c-E«snitrE f >*;u»BMfl«cE«s 
nfcb c c»attJKtKrEF>*jw»«JB*»e.a^«fc 

EBSn^: f c c9*»ttflttOWSI*ift€:*U^«5«» 

icjt> exacts] ic«{tr ^> 5S«ttJ«^ e. fc * a 
SHi, KlEF>*;n»fi»©ffi*offlllcEBSn«rE 

h>*)m&mmizmm2ntzb c cssattBttWEF 

40 >^.Jl/©SB^e.SV^ffl 1 J^Efi$nfc f c cftHi&teSili: 

sKit- WEH3£H»cs:*a-&a*«&sf«fl'jffi 

OffiiC>iE*JI«jftS*-r*saattfflltS;«A*»B« 
<t. idEWJB«€:*t»-*fO*at*^tI^tr>F>* 

[«ao»w«taa] 

[0 0 0 1] 

so aausttsa*^ f <t , isx tf > f >*;usa^ffita^ 



(3) 
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[0 0 0 2] 

[f*roa«] x tr > h >*;m«»ajft*i*^ k 
«. (*&**) ^ustCctoT^oi^nfc^iasttjK (i) 
^^E^14flg (2) **t««tt*»K±K»j*S*ijfc« 

aa*^^ K©«B*ifttt9s«ttBt (i) ymmm/mm 

ttIR (2) /K»«ttfllT**. C£T, ft±«#£3£ 
KttJg, «TIB3&*»«tt« (1) JMTW^BM 10 

(2) ©»fl:#isiw:. na5ep*p«»-fcrmf. &&%i£i!t 
(i) owt*ieitsiticHje*nT«f»«. c©9*«tt 
m (2) ©awt*isioHStt. sttawK^nttdtf. 

Sttttttfit^lsBttR (2) tGDX&iS^KlcfcO. tt&3 
tt* (2) t— *rt»*ttx*;^-*«-*T*^i:»c 

io*sn*. ^<Dtztb, attest (2) «@^s^Df 
±ffiissntfc:trflrc*s. — #. &ttffi9H d) ©ttft 20 

^SPSS«ICctoTeaiClllteT?>Cl<t:^T#-5 

■t}facDU-?ftmzmw$L-?z>. 7, tr > h >*;nittM 

ttSttain h7>7.-7 r ^— y--T*>*. 30 

[0003] mmvrnx tr > h >*;ps«*jfi$i:«s*'s 

7 HA', Appl. Phys. Lett.. 76. 2424 (2000) {CfS® $ 

SE{t^TS]^eSt-^t1"-5 fee (face-cenlered cubi 
c structure : ®iDSt*«iS) &ttfflK<k Qffi)$.2*lZ> 
Iftlt. A10 x n'J7It, S5Jt«ffiBllcJ:0«{fc 

i. PtMnMMttli, MI 

-■kmm LTmf&tsntzx tr> h ^^sasustrija*^ 
v K^fe®snx*30, -€-©xtf> h >*;us!tt^uata 40 

g<t (-WT, TMRJttPf*. ) tt. m3 0%\Zhmt 
[0 0 0 4] 
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•5 d <h IC cfs •£> . 
[0 0 0 5] 

[ntin£#ife-r *&«>©*&] 7. tr > h >*jua«»jt 

©aa*^y b*©TMRj£3ISfiiffitt. 2P,P,/(1- 
P 1 P a ) TfEiSSn*. C1C1T. Pa, P 2 tt, 
mc&LTH-Sifill (IfettttjK) . i^I (3£tt14 
Jg) tDXtf>^^T$.-5. Appl. Phys. Lett. ,76. 24 
24 (2000) T-«, ifilf, @SJlSr<tt)(C f c c -C o 
soFe i olSttT^S, 1218 (CtSTJ: IC, fee 
-Co 9 oFe lo Iffl^tf>»I$PH0. 3 5T* 
0. TMRJt=2P 3 P 2 / / (l-PiP 2 ) ©iiS 
£fflU££:> TMRtt«^2 8 %<h^It)^n-l)„ CO 
3lfciattffiGXItt£tt<0£fMtttt 30Xi«fc<— SLT 
US. ^fflui*^, TMRittt, SttftTSHfeLTt) 

SHUTS. 

[0006] TMRit=2P 1 P 2 /' (1-P,P 2 ) 
<DTMRJt*rS]±$-t±-5fc*(C«, Xtf>^ffi^P a , 

p a ft** <m«j;^;: — jftt:, xtf> 

»g$PIJ, f cc5S»tt*iHbcc (body-cente 
red cubic structure : #:/u>3i^^it) 3£tttt#©;fr# 

»8tt#it5«WTii. x tr > h >*)vummmm 

[0 0 0 7] &-tffcSfci\ fctiH IfiliLTbc 
c bee »SH1£0t»«CBt 

Ii«»±r*i»6T?»4. Sit, itltlTbcc^ 
«ttfflt*S#Lfc»£K:te. b c caHBttBtitac*©^ 

TSffl^ntMP t Mn*S9SBattJKtoX»iB^a 

[0 0 0 8] iol, ^**^«fcO : bii5l±J^^Xtf>r- 
>*;USH»lRi^tS!l*^y H <hT^< . bee ^Mitm 

■r*fc*fc«. (i) »aHic»UT^*. ess, b 
^fflou-rti^H-*, sswi^bccisiittit 

bfc±T. (2) gfiJltLTb c c?gmi4M^a^b 
*. (3) ISltLTbc c5S»ttffll*lSfflUfc*^ 

be c»iatti(it+«-K**tts:»te^ai^&ai 



(4) 
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[0 0 0 9] *fEWIi±«>Xtr>h>*^S!»«l«fiS* 
ft'W KB. £fc. h>*JH»fiJS<!:. h>*JH»SH 

BMIttfTSC rMn*fi!MBttK, .fcOiMfflfcM:. * 
glll'Jffirob c c - 1 i k eiMttSC rMnM8 

HrttttT?** CI t z&wit-rz. 

[0 0 10] ^mwmvb c c - 1 i k e «C r 

Mn*E3*att*B###-r*a«S*KJ:0. bcc 
«liatJ:0t>-r*^cSA/fc*«Kt*l' i 5. JMfcEKjKfi. c/ 
aJt> 1 Kfc-DTH* fl£»tiE*il (body cen 

tered tetragonal : be t) «jftO«t 5 fcSA//f*SIMi 20 

^MUfflCDb c c - 1 i k eiifiSWtSC 
r Mn&K&fl&'ttffilKte. CrMnPtSMffi. C 
rMnRhSlffittH, C r Mn P d E&J&fflBt Cr 
Mn AuS.&mft.m, CrMnAggMttK. CrM 
n C o E3£fi£ttJlg. CrMnCu E9£fiBfflBI#-£ * *15 

PF8UW*B©b c c - 1 i k e<*jfi£:frr-5 C r Mn& 
ESSfflfflBtKOHTtt. B*J6ffl«»*#fte 22. 1262- 
1267 (1998)#flg) o 

[0 0 11] *&W\Z£.2>X¥> b >*frS!}mn.t&&i%> 

kh h>^;ns?SBt» h>*)mmm 30 

T, a^H«MIH h >^;WIIB#JtEH$n/c bcc 

[0 0 12] «aiJ*B©ffi-DiE*S (face centered tetr 
agonal : f c t) «il*#-r*E5l«ttIilfctt. P t M 
nE&mfflK. NiMnE$l8ttM(. PdMnMtt 
flg. AuMnlllffll- (PdPt) MnES£B£14il 

[0 0 13] *%^IC«fcS^tr>h>^SEBtaiJfttrta 
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mitmu h >*;n»fijBffiKiiE«snfc bcc ^attnn 

<h h>*JW$g|f T^S&^W-EBSttJt f c c&SB'ft 

[0014] 2fc%0jtcj;^xtf> v>*)\>mm.§tt&£i&) 

ttlt^^Wt, Krffi*fliDt*»Etr— 

T, g ASttKrE h >^;H*S)l#JlcEBSnfc bcc 

^mttmi: h >*)i>m&mfriM^mz$im-£nfc f c 

c»attJKi:0«Hl«|jftS*U, ISIttbccSM 

[0015] *mmz&%7,¥> b>*)immm&cK®) 

CD -*Ofi"J icEB $ n^SMSJ? (c jc U TW&SWfi i * 

©{tb*o#j«cEB s nutJisi #@5£ $ nfc»«ttJ»^ 

T. S E& B tefJIE h > *;H*gJi<B!Hc EB $ nfc b c c 
^ffi'ttJUi: h>*;!/f$gH*>e>jtHBfllcEB£nfc f c 

f^SBffiiJJcEB^tifcb c ciittlth^JWii 
^SiS^flfltcEfiStifc f c c3£JKtt&<h©**Ji«jfi£ 

[0 0 16] J^Tfds *%Bj(c<t^xe>r->^;usies 

(1) Tgraniic, nwawfcJSUTaft^iRitfga 

\zmt?Z> f c c ?4ai4M<t bcc ^^ttKJ; 0 

r Mn&E&aai&fllli:. ±g|5«1l<»:$:IS^IS/lbTfll^ 
[0 0 17] (2) Tfflttf±K. ^gP^WiCJtxUTBS 

{t^riei^aftKSftr* f c catttR^bc c^^tt 

9SM:;£l6]a<H3££*l£b c c^KttMi: f c c 
BiJ:i3fiS^$n-5@S)i<i:. P t M n E^ffiSttBKt . ± 



t 
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iwmi&^y F. 

[0018] (3) T»««±fc. P t Mn£&ai±llg 
i. S?*«ttJ«k:J:0«{t*lRl* f iaS*n*f c c»« 
ffiRtbc c5§l«ttKJ:01ll<dt$n*H3eJBt. WSJI 
naWfffc*UT«ft:*fii3&«aSk:»tt-*bcc 
5i«ttJHt f c c»«ttfltJ:0«i«Sn*iSJia:. ± 

gums <h emMM iTM^^xf>h 
«aaH**^y F. 

[0 0 19] (4) Tff««±K:. UT« 

znzb c c&m&^oM&L-znzmfemt. crM 

* * tf > h >*;maau&tftja*^ > f . 
[0020] (5) T»«f±K. ft-Mmmzfovxm 

£*a-5b c c&ateJg.!: f c c ttBttM,}: 0 
B£JI<>:, PtMnltlttli:, ±»««i SrH^W 

b Lxtg^n^x tf > h >*)wmsNssf&im'^y 

F. 

[0 0 2 1] (6) T»««±»::, PtMnS^Ittl 
S9St«ttJI!l»^«tOWI:*l5lA«H3tsn* fccM 
ffiKibc c»B3lttJBlJ:0«J5!ESn*HffiJBt. WSM 

nap«jfK:«i;T«fl:^n!fl«iSK:«{tr* f c c 

F. 

[0 0 2 2] #&BJ£ck£a^iE@?f£&fitt, «£WE 

*ab*ff5«*^y Ft. F&a«aE»ME#: 

tfa«ESW£gfil::*5HT. a^A-yh'te. h>*JU 

JH*g«fl!lfcEB3ftfcb c c5S«ffiKt h>*;H*fi 
Jl*6iS^«{cEBSnfc f c c3SHKfflgl£©«Jf«jI 

-73<75#JicEB$n h >*;M9filHM»cKB£nfc b c 
c h>*;u*HHa>&ia^fflfcEB*nfc f 

ffi£*l7cb c c&a*fcffil<!: h>^;U^Si)ld^ilU#JtC 
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attlKt^ffigA^^lllli, ffilfjgS£&tf-;tf©ffi«<!: 
S*tI^t;>F>*JUa!aa}ftJft«(»'\y FSB*.*;: 

[0 0 2 3] 

mmmi) Bin *fswc«t*xif>h>*^aB 

«D^e>h>*;wH«i«aaasjR'\y f«, tsr«i&5 
o o±tc. nffl»*cj6i;Ta{t*fij«tifttcsg{t"r* 
f c c &attin loittcc &ai4Bi i o o j: om&L 
^waiii. mstm ovjtm) 4oot. s?£a 
ttsiic £ o aft^fatfBjesn* b c c &bi£be 200 

J;01f^$ri4B^Jl<h. CrMnPtS?liaitl3 0 

fcfeCD. fctAfcf, 7iRt»il6 0 0/CoCrP 
20 t A- Fig («B1£0C) 7 0 0/7*5 i-tit&m 6 0 0 
^Efibfco 

[0024] ftaw^ww, mm\z> ^t©j1dt& 

4. T«««5 0 0W\ RuM<tO«^^tl, Hm\t5 
OnmtSS. fccM«10lH Ni 8a Fe 
x »Bt«fc0«WiSn. JKffttl 0 nmT*«. bcci 
ttttKl 0 OtiF eflH<fc OWIfiJESn, KftnnmTfe 

5. ;tij7i4 0on a 1 o„jBJ:0araE$n, mj? 

W:0. 8nmf3&5. b c c5ilttl2 0 OttFelJ; 
DiUj&^n. iiMJP«3 nrnTS^. (CrMn)Pt 

30 10 (Cr:Mn=l:l) S^ai4J« 3 0 0 comm 
tt, 2 0nmT*5, ±Stl5 0lH RuIiOI 
fiL^tl, ISIi5 0nmT*5. 

[0 0 2 5] ^IIJgfllTtt. /\* "J 7)1 4 0 OCMLTH 
■5, b c c ?&attflil 1 0 0 (gl&Jf) tbccMttl 
2 0 0 (HSU) iC. FeltlMl/TH*. H 7 , 8 
\ZxkTZo\Z. Feflg©*tf>#®2f5Pte, 0. 40T 
$>0. TMRJt3 8 9S*^e.n«>. 17, 8\Z7jk 

-r«t-5IC. bccfMBttfitlOO (Big) tbccS 
affl8l2 0 0 (B3£B) fC N i 2 s F e T 

40 Lfc«&l:H N i 2 s Fe 7 sKfflXtf>^l$P 
«. 0. 4 7T&5C t^e>. TMRit5 7%^#bn 
4. d©«t-5(C. A* 'J 7)1 4 0 0lC&bTI^-53&ai4J|g 
©MTj'Sr b c c Mttli1"4 II (h(w«t D . ^*SffiJ: 

[0 0 2 6] ^IC, e*H©«C««WtttO^TBlWr 

</iV»uiTtt5nTH5. ioT, bccSIttli 

5 \z, be c ?iai4JK 1 0 0 ©TfflUcttaftftttfcfiHa 
50 5f ccMMl0 1«LTl^. gftl^fc 
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c»attll/bc c»«ttJK2JB«iSt-r4CtT, 

[0 0 2 7] H3£^©S»«g^«S#fCO^Tltt 
BJ-f-5. iHlSbc c?iHBttI)l£Lfc»£. t£*©G 
K?ffl^6nTH4P t Mn£&Bttfflt£b c 
c5H«ttJli©±*C:»jaUTt>. 

ft&ft&H. P t M n KS&BttBIte f c t (face cente 
red tetragonal) ©jSSifHf LT* 0 , b c c 
14Bi±tc«f c t©P tMnK»SBttl!lttxhr^^r->r 

[0 0 2 8] U II 7 KljS't'J; O C bcc8 

ffi.&mtC rMnP t£!ftBttlR&©£ifeftelCJ:Q8 

afe-r*-*r^a*ttx*^-«*K.»4. wo. 14 

-0. 3 4 5 erg/cm 2 (0. 0 0 0 1 4 -0. 0 
0 0 3 4 5 J/m 2 ) <fc*#<. yD7 + >^fiaT B 
t>3 2 0 - 3 8 CCiW^. fciAtf. Feflt3nmCD 
•6. FeKtCrMnP tS3S«ffiKtOSE»«*« 
ShU^te, K e =tM s Hex (t : 3£BfflBIJ£. M 

*<)300-700Oe (3. 77-8. 79 A/m) T 
*0, -HHC**V». ioT, be c»attfll±fcC r 
MnPtK»BffllftElt4CtT, 

[0 0 2 9] [*Jfi«2] H2tt. *«WIC«t*^lf> 

Ktt, Tg|5ttl&5 0 OifC. n«S«»KJ6UT«{t*iei 
A*S * KSftr* f c c S&BfflBI lOltbcc ^mtt 
UOOiOWSn^SSIi- il!4 0 0i, s 

OOtfc cf*iB1£flt2 0 l«tO«fi!ESn*HS)B4:. 
PtMngMttl3 0 0t, ±«Ml«5 0 1 <h*$ 

^11116 0 0/CoCrP tA-Hl7 0 0/7^5^" 
ttftgl6 OOSEiLfe. 

[0030] ma. wt©j1ot* 

«. Tgp«@5oo«, RuK«fct>*j«sn. mm\ts 

0 nmTSS. f c c &lftttlK 10 1H Ni 81 Fe 
^KiOl^n, WttlOnmT*S. b c c 3* 
BfflRl 0 0t4F eBi<tOfil^$n. Ifli2nmTS 

«. A*ij7i4ooii a 1 cfluonraisn. mm 

\t0. 8nmT**5. b c c ^SSttflM 2 0 0 tt. Fell 
■tOM^n. KJtttl. 5nmm f c c %»1£ 
I2 0 1H C o q o F e i oliOifiX^n. JS/9(4 
1. 5nnre^. Pt so Mn 5O 5iIttI3 0 0 
©Mtffte, 2 0nmm JtaMUi5 0 1«:. Rufit 
J:D«jS<£ft. Ifli5 0nmT*5. 

[0 0 3 1] *^J60iJTfi. ;tU714 0 0l:KLT^ 
-5. b c c ftttttK 1 0 0 (g&JB) tbccMttl 
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2 0 0 (HSIl) (C. FelSSfflLT^. 17, 8 
tI^-ri-5IC F e|g|©7.hr>#gsfSPte. 0. 4 0T* 
TMRtt3 8 %-hm 6n^>. 0 7. 8 (C^ 

r=kolc. bccSIMlOO (gfil) tbcc* 
Bttl8l2 0 0 (HS«) IC. N i 2 s F e 7 sfltSJBM) 
Lfc«^tC(4, N i 2 s F e r B fit©* t: >#®*£P 
tt. 0. 4 7-CfeSCt^e., TMRtt5 7 %7^#£n 
d CD J; oil. ^U7JlfcJ*LT^S»«tttt©Pff2F 
£b c c&m&m£?ZZ\t\Z£r). f^ftiiO^ 
10 £&TMRJ££?S#T£-5. 

[0032] ^ic. gajB©ftaaw*ttct3i/>TRwr 

Ofc^CfCfclSnTH*. cfc-?T. b c c ^Bttfit* 

•5 tc. b c c ^ESffiK 1 0 0 ©TMctfcB^tticMtl 
* f c cllttll 0 1 £BE«LTU-g>. fiftl^f c 
c5ifSttM/b c c^5SttlK2)11«^<!:-r«.Ci:-C. Ik 

[0 0 3 3] BJ£Ji©X»IS£»#fctn>TaJt 
20 MT*. H3£»€rbc c?SBtt«tbfc»^. f£*©G 
MR^-y KTffllri&tlT^SP tMnSilttl^b c 
cSSKttitWi^ty-f U-^ hCffMbtfc, 
»8te«JlW»Snfe^. P tMnE«IM« f c t 
OttSiI**UT*D. b c c3§t«ffiBt±fctef c t 
©P t MnS!fe«ttBlttxlf^^r-> + -»H«ST*6:V»fc 

[0 0 3 4] CtltCttU #SlSS#|T"«, bcciltt 
!2 0 0tPt MnS?iattH 3 0 0 t <D*ffl\Z f c c 

30 5U»^ttii!)TH>, B 7 fcSVT «k 5 

IC. f c ctemWLWktP t MnSMSItO^IS^ 
fc«fc0SE£T*-#fflft:&ttx*;U*-£ScK.tt. ^ 
0. 32erg/cm 2 (0. 0 0 0 3 2 J /m 3 ) t 
7*D-y^>i7'SST B fc3 8 CCtMU. fei 
*.«. bccMffl|200iLTl. 5nm©Fe 
IK. fccMtt§201tlTl. 5nm©Co 90 
Fe 10 I$lfflLft«&. Fe/Co 90 Fe 10 I 
tP t MnK3*«tt»i©X»*§£«#H. ^ J4. K e 
= tMsH ex &5«J;0Mt5i, 196 9 50 

40 e (8. 7 3A/m) T£>9. iot, 
b c c5SiSttS«<tP tMnS»«ttfllt©'PlIfl»- f c c 

[0 0 3 5] C£ft£0i3) 03te, *%BJlCj:^)7>tf> 

WiT*5. £©Xfcr>h>*JUSHB«J6trB»*^'.y 
Ktt. T»tI5 0 0±l:. PtMnS?4Ittl3 0 0 
<h, S3fiBttJR»c«kOa<t^3&«H£*n* fccSSB 
«201tbc c&Bt4fii2 0 0 J:0tiS^$n?)SS 

so at. PSSH4ooi. ftwmmzfoCTM<t?]fttf& 
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afcgftr* b c c &m®.m iooifcc %i&i£jig 1 

0 1 J:0flliasn*i4Ht, JiSRttfii 5 0 1 £ 

s\w> s 4 x&mm-? ztiitxD. it±iM* 7;us± 

|&«Ha6 0 0/CoC r P t A-h*«t7 0 0/7JU5^- 
mf®m& 0 O^BEBLAc. 

[0 0 3 6] ft«W«C»**, JKfftt. WT©iI9T$> 
*. T»««5 0 0tt. Rufil.kOtfljS^n. Mli«5 
Onmm P t s 0 Mn s oS^^14Bi3 0 OCDM 
J¥te. 2 0nmTW. f c c &BttBS 2 0 1 «. Co 10 
9 oFe lo li0I)5Sn, SSiil. 5nmT* 
4. bcc^I«2 0 0H FeJKJ:Dlllj£Sn. fit 
m\tl. 5nmT*^.. AU7I4 0 0I1 AlO^tt 
iOiSSn, MffBO. 8nmm b c c 
fit 1 0 OteF em&K)ffil&2n. mm\t2 nmT***. 

f c c SStSSfflK 1 Ollt N i s i F e x s fit«fc Offifft. 
£n. IfHl OnmTS.5. Jig|SWi 5 0 1 te. Ru 

[0 0 3 7] *HM^JT«, A'|J7I4 0 0 iC&L-T^ 
-5. bccM«10 0 (gt&Ji) t b c c SiiSSfflBt 20 
2 0 0 (H3£H) ic. FelSSffllTH*. 0 7. 8 
iC^-r«fcot'« F efit^Xfcf^ffi^Pte. 0. 4 0T- 
$>0. TMRJ£3 8 S6#»Sft£>. Sit. 17, 8 tC^K 
-r=k-5IC be cMttil 0 0 (gftH) tbccS 
mttH»2 0 0 (H5£Jf) K, N i 2 s F e 7 5 KSSffl 
LfcfltelCtt. N i 2 B F e T sDI©* P 
t-J. 0. 4 7TWCti^. TMRj£5 7 

4b c cim&mt?Z>Z\£\ZJ:K)> fWiO^ 
£&TMRJt£?S#T#-5. 30 

[0 0 3 8] jfcfc. e*JB®«c«««rttk:-D^Tttwr 
So -Kfc. b c c ^ffiffiKtt. tttt*K«H£*<&&9J: 
<fttf^iTj3l6nTH5. ioT, b c c &{&14Iitl£ 

■5 t'. b c c &t£ttfflt 1 0 0 O±fl0fclU««WttK(8tl 
£ f c cttttttfltl 0 1 *E«UTV»«. g*I5:bc 

c»atta/f c c3a»tt«©2H*rici-r4;i£T. 

[0 0 3 9] *tfeK. Bfi)iOSE8MS*»»C3t»TBl 

MR'V;/ HTfflt^nTUSP t MnK3SlfiBfflK±lCb 
c cMlttttM^^ Ui7 blZBl&lsTh. 

btltj.^. P t M n K&mffl&\$ f c t Wig 
S«ift£#LT*0. f c tOPtMnaittiil: 
fib c c!SBtt«lttxt^*->i'JUB!i*T#J&:^fc*T 

<S> So 

[0 0 4 0] CintC^L. *0SJfi0!lTtt. PtMnSS 
l£ttfit3 0 0<hb c c%ft£l!t2 0 0 £<D<$ffl\Z f c c 
%iMm%2 0 1 ^M^ttHI.. ttfi?tt8l£ 

■5 L©a*w«s-&tta»T9Snr>. a 7 kjkt s so 
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Ic, P tMnK»«ttttt f c c5*«ttJKt©2SE*tt^ 

0. 32erg/cm 2 (0. 0 0 0 3 2 J/m 3 ) t 
;*:#<. ya7^>^IST B t)3 8 O'CtiS^. fci: 
Atf. f cci»atti2 0 1il/Tl. 5nmOCo 
80 Fe I0 i. bcc»«tt«2 0 0tUTl. 5n 
mOFeI«j|ffll/fci^ PtMnMffliiCo 
8 o F e a o/F e(ttO!S!gWS68tffH. ««. K E 
= tMsHe X ^*H«SCJ: 0 t, «6 9 50 

e (8. 7 3A/m) ioT. 
P tMnSMttitbc c&jaitfitiW'frai:: f c c 

T£S. 

[0 0 4 1] (fgffliftl 4 ) 04H #%HJltC<fcSXfc!> 

T8MMI5 0 o±fc. ^WfiMlifcjSCTffltffc^iaj 
tfgfttgftr* f c c&S&ttJgtl 0 1 J;0*j££ns 

gftii, fiii4oot, s3*aitflnc«toa{t*fii 

«Sn5bc c?£ffi&1tffil2 0 OiOIS^I^ 
It. CrMnPtIiM3 0 0t, ±§RttS 5 0 

tf, 7iPStttlW)l6 0 0/CoCrPtA-Hi7 0 
0/7JP5^-f6»M)t6 0 0 SrHEBl'fc. 
[0 0 4 2] BWtt. tlTCIOT* 

So 5 0 0 te, Ru«J;?>*fiScS*U Kff«5 

0 nmTJ&S. fee &fiBttflSt 101H C o 9 o F e 
x oK«fc 0*1*2*1. MJP«5nmT^S. AU7I4 

oote. a i o«flt«fcD«WEsn, mmteo. 8nmt 

&So bccM«2 0 0liFeIJ:t5lf)i3n, JK 
JPtt3 nmTifcS. C rMnP tE»«ffiR30 OCR 
J¥te, 2 0nmT^. _bgP«1S 5 0 1 RufitcfcO 
«J5!tSn, BIJP«5 0 nmT&S. 

[0 0 4 3] *I^35SWT«. A'J7I4 0 0 tCj&LTH 
S. fccilttflOl (Sfil) CCo 90 Fe 

, oK£. bcc5ft«ttBt2 0 0 (@3£S) (CF elS: 
xSJBLT^S. 07. 8 »C^r«fc -5 »C, Co 9C Fe 

* oK. FeffltO^fcT >#WPte. 0. 3 5. 0. 4 

OTiO. TMRtt3 3%M|f,n5 ( 2;7c. 07. 8 

('^•T«t^{c. f ccilttlioi (USS) tcco 
90 Fe l0 «^- bcc«!2 0 0 (HSU) (C 
Ni 25 Fe 7S I«iltfci6l:H Co 90 Fe 
x oflt. N i 2 s F e r s HMWXtf>^M^P«. 0. 
3 5. 0. 4 7T*5ui*^,. TMRtt3 9^!i>^ 

[0 0 4 4] |ftl«f c c9iattJRT«J5JtLT^a© 
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33ii&14IBI£. bcc5*8tt«fl)±*i:»)itLTfc. 
ft£&i|g£&vW*f#e>ftfc^. P t MnKttttttJBttt f 
c t (BigJMBitfcWLTiiO, b c c3£fl£ttflM±K:te f 
ctCP t MnS5*SttttJ»ttxt^*->*;i/fiJifiTr** 

[0 0 4 5] CtatCfctb, 07tC^T«fc^tC bccS 
ffiSttflitC rMnP tS!i«ffi(lt©X*tS^fc«tt)5S 

-0. 34 5 erg/cm 2 (0. 0 0 0 1 4-0. 0 
0 0 3 4 5 ]/m 2 ) . 7P7*>yiaST B 

3 2 0 - 3 8 O'CtiSS^. fetAH Fe8I3nm© 
FeltCrMnPtgiittliC^M^I 
^H ex «. K e = t M S H e x U2>m&3L£K)&&-? 
lit, iB3 0 0-7 0 0Oe (3. 77-8. 7 9 A/ 
m) +^lr^C#Vi. <fcoT. b c c 3£B3ffi&Jt 

ICCrMnPt S5SBttJK*iE«T* d it, 

[0 0 4 6] CUM^J 5 ] I5H *^BJtCJ:?)7.t;> 

*»s*fc»tr* f c c&h&jki o uotdisn* 

tfiHJtSn* b c c ^SSffiK 2 0 0ifcc 2 
0 1 JzOlt^tlSH^Bi:. P t M n R&m&m 3 0 
0 <h, ±gfl»H5 0 1 t Jl^flUbT^^n 

tztfLU. 7JU5±ffii^8i6 0 0/CoC r P 
tA-KK7 0 0/7;U5^-$fei^iS6 0 O^SEfibfc, 
[0 0 4 7] «JP»4. WTcOjIOT* 

4. T»tl5 0 0tt. R ufflt<fc»3 If f££n. MJ»«5 
OnmTM. f c c 3£5&ffl9t 1 0 1 H Co 90 Fe 
, o M«fc0*fiX$tX, MJSte5 nrnTife^. A'U7I4 

0 011 A 1 caUDflMESn. MffteO. 8nmT 

bcc^SttI2 0 0li. Feli cftl. 
KJ?«1. 5nrnm f ccM«2 0 1(l C 
o 9o Fe a oIi0«^n, KJtttl. 5nmT& 
4. Pt so Mn 5O S?4iSttl3 0 0(9lfH 2 0 
nmtfel. ±gflf|g5 0lH Rul<t!3W$n, 
mm\t5 0 nmT-&&. 

[0 0 4 8] #SU5£#JT'tt. AU7I4 0 OJC&LT^ 
-5. f c c &fi£14fifl 1 0 1 (Stfelf) l:Co 90 Fe 

1 o8H£. bcc»«ttI2 0 0 (@5£H) KFefit* 
J&fflLTU*. 07, 8IC*-r«fc^»lC. Co 9 oFe 
,oI. F efl£©7.tf>#»PPte. 0. 3 5. 0. 4 
0T&9, TMRtt3 3 %* i ibn5, 07. 8 
fciftTJ:3l£. f c c 5&{&14«l 1 0 1 (glSJf) KCo 
e o F e , oi5. b c cftm&m2 0 0 m&B) K 
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N i 2 s F e 7 Ufc«^ttt, C o . o F e 

, oK. N i 2 s F e 7 s mo*¥>ttMmp\t* 0. 

3 5, 0. 4 7 -Cfc-Sd TMRJ±3 9 96*^*6 

c c»«ttJ«i-raJli:tJ:0, «e*&fl5<fc o t> 

*€?&TMRJ£&?fe&T#-5. 
[0 0 4 9] gfilitef c c3£«ttMT«fifcLT<>>£<D 

tt4l(C2t>T|g9]-r«. H5£Jl£b c cSftttttKfcLifc 
10 Jg-&, 8K©GMRA7 HTfflt^ntUSP t MnS 
attttlllSbc cMttiffli*!:^ I'* McjgBEL/ 
Tt), H-#ftXifclS£«*f# t »5*'l&:^. PtMnSS 
ttttJKtt f c t 0*6 AWifi&ff L-Tfe D, bcc 5£Bfctt 
gillttfc t ©P t MnS5HlSi'ffiK«xlf^^r->-V-)U 

[0 0 5 0] micfctb. #*S604T?tt. b c c&m.& 
BM2 0 0 tP tMng»Sttl3 0 0 £©«f>|WK: f c c 

au8ttit2o i*^«es*tv»*. — 

20 tC. f c c?SmttJitP t Mn%.&mtiES&£CO&&1l£& 

0. 32erg/cm 2 (0. 00O32J/m 3 ) £ 
yO7*>^fiST B fe3 8 0tiilK fct 
*.tf, bccMttK2 0 0tLTl. 5nm©Fe 
|g, f cclStti2 0 1tLTl. 5nmOCo 90 
F e 1 oJK£8fllbfc»£. Fe/Co^oFeiolft 
tP IMnSMWiOJMMfH. x li K. 
= tMsH e ,MM«J;0IStl)t. M6 9 5 0 
e (8. 7 3A/m) +^tCbc#^o «fcoT. 

30 b c c&mffi8£P t MnR&&tt)££«4 1 fflK: f c c 

[0 0 5 1] CH*S«6] 16(1 *%BJ{Cck4Xe> 

Ftt, TSSWH5 0 0±(C. P t MnK3&f&ffiH3 0 0 
t, KS&fiBffiKK.fc'P Slit^^Hjesn* f c c5£fi£ 
ffl|201tbc c&8&ffl«2 0 0 J;9t?ifi£2tt£@5£ 

pt, ^ii@4oot. naaw^uxa^ra^s 
40 stfftts f c c?s«attMi o UDtssn^ifi 

Hi:. ±gP«®5 0 1 HS5fc«HUT«lritSn 

fc*©. ttAH 7;U=±il£i»J!S6 0 0/CoC r P 
t/\-F!7 0 0/7^5:Hfet»Bt6 0 OSEilt. 

[0052] mm\z. uroatn?* 

5. TSI5ttS5 0 0tt. RuBU«3«J*S*U BSJS«5 
OnmTW. Pt 5oMnsoS?fflttI3 0 0Ol 
2 0nmT-^>S. f c c 9ft»ttBt2 0 1 J4, Co 
so Fe , oliOM^tl, Ifttl. 5nmT& 
50 -5. b c c ftSBSffilll 2 0 0 tt, F eBM«fcO«5^^n, ffi 
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m\$l. 5nmTM. VN' 'J 71 4 0 0 (i, A 1 O x I 
.tOi^Sn, JKffttO. 8nmTW. fccMtt 
ilOlll Co^oFea oIJ: O^fiX^n, JKff » 

5nmT*S. ±gf5«g5 0 1tt. RuIiOMS 
n. JgJPte5 0 nmtS5. 

[0 0 5 3] *^M^JT'«. /VJ7I4 0 OCttLTt) 
*. fcc9fi«ffiKl0 1 (gE&Jl) CCo 90 Fe 

, oBH£. bccSIttI2 0 0 C, Fefll 

0 7. 8lC^T«t5<C. Co 90 Fe 

i ol, F eM©7.tf>#«P«. 0. 3 5. 0. 4 

OfgO, TMRJt3 3W5.n*. 07, 8 

3 k, f c c 1 o 1 (ge&i) i;co 

9 o F e i b c c?SiSai4M2 0 0 (HJ£JI) tc 

N i 2 s F e 7 s Jg£Jlffll-fc*&ICte, Co 90 Fe 
x ol. N i 2 s F e 7- s M<^Xlf>^S^Ptt. 0. 
3 5. 0. 4 7Ta&5ut)J^, TMRit3 9 %^#£> 

*£&TMRJt£?6«T'#£>. 

[0054] ^(c. esiiif c c^mmm-cmacLx 
t Mns^ssttii±{cb c cmm&m&y^ w v\z.m 

j£LTfc. +»ft3fc»»6»fM 1 #&*l£^. PtMn 
£&ttt£IKtt f c t ©i£Ii«i££*rL-Cfe0, fctO 
P t MnK^SSfflK-ki'teb c cSHBttitttx 

a. PtMn mmim, 3ootbcc m&.'&m 200 

tfDtfKtC f c c!fifiBiffi»2 0 1 *^*E$i*Tls*. — 

fe. 0 7l;*t,t7l;. P t Mn£&ttttJK<!: f c c S$ 

^-SfcK e tt, #j0. 32erg/cra 2 (0. 00 
0 3 2 J/m 3 ) <t*#<. 7D7*>^iagT B t)3 
8 0tt»K fcti«. f ccM«2 0 1tLT 
1. 5nmfflCo 90 Fe 10 i, b c c $tfiHt£M 2 0 
OtLTl. 5nmOFeiSSIU;*^ PtMn 
o a o Fe a o/F e »£©£&*££)& 
#H.,.H\ K.= tM 8 H., i a4HffaJ:»)*3St 
5t. «6 9 50e (8. 7 3 A/m) fifeO, +*HC 
ioT. P tMnR»«ttJM£bc c5S«ttJK 
tCDtpM»Cf c c&ffittii£BHB-f 5Cl.iT-. 

[0 0 5 5] (SIJE«7) H9»4. *aWfC«fc«Xt> 
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[0 0 5 6] HwLfcBaf'fX^gltt. RhfrRtt© 

h 7 y i7 <h j: tf n* tmrn®. tc x - * £ b»t * fc © 

ftttJIt'Sy Fft>6tt0. ±12^- * ©£!•£•!& 0. 
**H»-r*fc»<75«a'\y H 1 8 t. H 1 

1 0 8 X £ 1 0 ±«fSfi!^i$t57 

^al-J-^gt. ttftt'Ny H 1 8^SS*.K0. * 

& t* * fa mt &mw*£&£ z^&mjs. sns. 

[0 0 5 7] £e>fc. *J*£»ftMC:3^T&Tl::SlW-f 

tetti 2i:«koT^sn, igftffl^-^- 1 4tao 
Tafestsns. tt>— fiwT-^-f y— 1 6 
a*, jes^x-f i o±tri5B^n. igx^-r^-i6 

20 fcftCDlM'Ny P 1 8 SSj#L.T^4. 0Tli. 
XH^-l 6 JiJCtt«-r*»»^y H 1 8£J&9t±iL 

[0058] as^-rx^ i o^*iHi^-r-siiwiB#(c. t. 

Stlli. X5-<yi 6tt, y>A'Jl/2 0l:J;^T7-A 
2 2\z£Q-om*lZ>. i?>JVV2 0\*fr-?frt$.m-fl®. 

30 -5. 

[0 0 5 9] 7^faX-^-2 4tbTli^-fX3'f 
^t-*- VCMtSt) VCMttl 

>3 0S:^LT4-Ae)tl-5«Mm#lC«k^TWW 

2 2 i7^aI-^-2 4i5-f>3 0 
40 [0 0 6 0] SS^-f Xi7«»j^>f . {EMx-TT.^ 1 0 

coiEiteic.fcoTT.^'r^'- 1 6 (tf-fx^ «tBoraic^ 
6 ^igr-fx^ i o©*ffi^e>#±$-e-s. bfc*^ 

T, iMf-fX^ggCft^*. *i7^7U>yiiy 
>A*;U2 0©tof A^5Wt*t^7>^*t 0. X7-T 
l 6«l&m-r-f 7.^g®(c^n-rtc. doffliSlx-f 

3. 

[0 0 6 1 ] mW^®2 6«Pv-^^[HlSS. 

50 U. RtfT-f ^D^D-fey-y-ttdfjft^fllfilEStl*. -?-L 
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[0 0 6 2] 7{7 : ?zl3L-?-2 4tt7-f >3 0£;OL 

H77?^i^nfcX7-fy- 1 6 gftigic&n. e 

[0 0 6 3] fl/T, fttfSP«^2 6tt. 1^7 H 1 8 10 
jWK&xf 1 orox-*£K*-&Dg&LfcttMff 
7f>3 2£5>LT§:{f L$¥KT-5. £fc, Mm 
T-f^J 1 0(Cx-^tLT##jAtrfe*CDttM«^ 
Sr. 7-f >3 2&^UT«»^y HI 8fciSI«r*. f 
W»^»2 6tt, H 1 8 B* 

[0 0 6 4] ±EOtt*Blt). »^jA^«^« > 

KgA 7 h i 8*»6fi*ea*na^at>piisg-r»s. 
n y tmz, «&x-f 20 

gccoa^x^X^T^iX-^-^SrWU E£7^ 

[0 0 6 5] ££tC, &>±<D$iffim\Z&^TmWlstzC 
r M n P t R^KttM 3 0 0 \t. ^B'JtBSW-r-SffeCD 
C r Mn&K&attJ£> ^BCrMnRh, CrMn 
Pd, CrMnAu, CrMnAg, CrMnCo, C 
rMnCuSMttfTlti^LTtHffi©»<#6 

mm^m3 o o a. SRitta>B<biE#A ( f c t > «u& 

Sr^-r-Sfl&OS^fiSttJK. #J*-te*N i Mn, P d M n . 30 
AuMn, (P d P t ) MnSMlT'ltMTfc 

[0 0 6 6] ±IE$ftMs0im4, SE«MS^«»€r 

*«Lifca*. H*jl«>a»att«/Ru/»i»ttJBl/Cr 
MnPt, ?S)S14JiM/Ru/^{SttSi/P tMn, 
W4C rMnP t /9S«ffiK/R u/9S«ffiBt. PtM 
n R u /3S«ttJKft t'iUc?ll7iUI 

[0 0 6 7] 40 

(1) l*gBfcJ*UTH«. gfiffi. H^SW^-Ttl^ 
— feSUSM^Sb c c»8Stt«tLfc±T, 

(2) gftlt U b c c iI«SMlfci^l: 
tt. B*H©*K»a«te£&»T*^It*tttt*. 

(3) ISitLTb c ciaiR^Rll&idl: 
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b c c &t&ttift&j3ui L;tx tr > h >*)]smm.im.tn® 

*^»; Hiifii<SS[ST*4. cntCctO. TMRJtft* 

x tf > h ^^juajaasHftSis^y h. s & 
[0H<Dfffi»^i»W] 

[01] Sfil. ISlCbccMIOTL- K 
SiiaffiBttCC rMnP tI^Iffllt7e>h>^l/S 

[0 2] g&R. B^CbccM^ifflL, S 
&88ttffllfCP t Mnffil (±M#5"fy) ^IfflLfcXtf 
> H >*JPg«aUfitft2&*'v.y H©t£*«fflBI. 

[0 3] gSJi. @3t«tcb c c %lttttlft&&ft U S 
^ESttMtCP t MniM (TB^^-ry) ^SUSLfcXtf 

[0 4] I61l;f cc?|lttl. H3£®{cbcc5Sa 
ttfll*S/HU KSSHBttfltKC rMnP tKSaUBLfc 
X bf > H >*;HI^fira*^7 H<Z>S£*WrB0. 

[0 5] g&M£f c c%ttttlK. iSICbccii 
ttJK*aUHU gSlttlCPtMnl (±g#:5"r 
X*) $8£ bfcX fcf> h >^ffla*«Sfl&*^y H<Z> 
&*l#r®0. 

[0 6] SAIBtcf c cftffittflg. IfICbcc5li 
ttJBlSSJSU £S£attIHtCP tMnl (T«**-f 

t") s&h Lfcx tr > h >^)mmmm^}^ ? h © 

[07] b c c -C o 9 o F e i o » bcc-Fe, b 
cc-Ni 25 Fe 7 5 fflXtf>MfPi, bcc» 
KttJiiirCrMnP t K&affiK<t©— 2rftg:£14x* 

[08] M»4©^tf>M$Pi. Sfilf. H^H 

[09] #ipjfcj;3amx-rx^e<2«i^0. 

1 o-aMx-rxi?. 1 2-@a, H-t-^-, 

Jk 2 2-7-A, 2 4-7^fiX-^-, 2 6--fiJ 
2 8, 3 0, 3 2-7-f>, 5 0 0 1 

oo-bc cttsttn (esd) . i o i - f c cms, 
ttm (gE&n) . 200-bc cmm&m m%.m) . 

2 0 1- f c cttttttlK (B5£») . 3 0 0-C rMn 
PtESHBttBl. P t M n E9S«ttK. 4 0 0-AU7 

n. 5oo-T»«a. 5oi-±ati, 6 o o---*e 
am. 7 o o-A- km 
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mm 2 002-7462 



[Ell] 



[SI 2] 



300 



200 



501 



600 • 
700- 
600" 



CrMnPtS^mttfi 



bcc§£Bg£(l3£JB) 



500 too 10 i 



600 • 
700- 

600- 



400 



■tmm 



bcc3«ttte«(@£ra> 



<fe«g l/fcc^j§jg(aa/g) f\tfe»jai 



ft 



500 t(M ; 101 



400 



[13] 



[04] 



501 100 



101 



400 



600 
700 

BOO- 



\ \ ±nmu / 










bcc3*at£R(gaB)/ 


® at tin 








fcc3MK1£ISCIil£B) \ 
















™* a i \ — 1 



800- 



700 ' 
600 ' 



501 



300 200 



fccafctttSfli(aaB) 



500 



7 



400 



[06] 



[15] 

50 J0 201 300 



200 







600 

700 


— tmm 
















600 




fcc5Siaiii5(em«)\ 






i / / \ 1 

500 101 400 




101 



500 



300 




201 200 



[08] 







[07] 








MRit 


















2P,P Z /1-P,P 2 




p 


/C e (erE/cm 2 ) 






fcc-Co,(>Fe 10 
fcc-Co l0 Fe ]0 


fcc-CowFe^ 
bcc-Fe 


0.35 
0.35 


0.35 
0.40 


28% 
33% 


fee— -CogoFoio 


0.35 








fcc-CojoFejo 


bcc-NiuFo75 


0.35 


0.47 


39% 


boc-Fo 


0.40 








bcc-Fe 


bcc-Fe 


0.40 


0.40 


38% 


bec— NiagFo-TB 


047 








bcc-Ni^FeTs 


bcc-NitsFeTs 


0.47 


0.47 


57% 


AF-CrMnPt l0 




0.14-0.345 


320-380 












AF— PtsoMnso 




0.32 


380 
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